Shorter durations of slow wave sleep and lower growth hormone responses have been reported in children with short stature caused by psychosocial deprivation. We investigated whether lower total sleep duration was associated with shorter stature in a sample of children taking part in the National Study of Health and Growth. Parental responses to a self administered questionnaire were used to estimate usual times for going to sleep at night and usual times for waking in the morning for 5145 children aged 5 to 11 years of age. After adjusting for the effects of other variables known to be associated with height, it was shown that there was a weak negative association between sleep duration and height. It is concluded that variation in sleep duration between children is unlikely to have an important influence on growth.
Disordered sleep has been reported in children investigated because of short stature.' One factor that relates sleep to growth is the diurnal variation in growth hormone secretion: there is a profound increase in circulating growth hormone concentrations during the night,2 and this increment is particularly associated with the onset of deep or slow wave sleep.' In children with short stature caused by psychosocial deprivation, deficient slow wave sleep and reduced growth hormone secretion have been reported' 4; this could contribute to the child's delayed growth. It is not known whether the total sleep duration has a quantitative influence on nocturnal growth hormone secretion or on children's growth. We therefore estimated sleep duration and its relation to height in children taking part in the National Study of Health and Growth. In this paper we report the results of this investigation together with the results of a descriptive analysis of the children's sleep habits and their relation to a number of social and biological variables.
Subjects and methods
The study was performed as part of the National Study of Health and Growth in 1987. This is a survey of schoolchildren aged 5 to 11 years which has taken place annually since 1972.5 At each survey the parents are sent a questionnaire to complete and the height, weight, and triceps skinfold thickness of the children are measured.
SUBJECTS
A total of 9913 children took part in the 1987 survey. The sampling procedure has been described previously. 6 The sample included children from England and Scotland. In England the sample was selected so as to include a high proportion of children from ethnic minority groups or from disadvantaged social backgrounds; in Scotland the sample was representative of the Scottish population.
PROCEDURES
In 1987 the questionnaire used in the study included two questions concerning the child's sleep. These were as follows: (1) at about what time does he or she usually go to sleep at night: (a) before a schoolday? (b) when there is no school the next day? (2) At about what time does he or she usually wake up in the morning: (a) on schooldays? (b) on days when there is no school? Answers were given in hours and minutes.
Parents were also asked to give information about the child's birth weight, the heights of the parents, the number of children in the family, the father's employment state and occupation, and the education of the mother. The number of people in the family divided by the number of rooms occupied (excluding bathroom and kitchen) was used as an index of overcrowding. The ethnic group of the children was classified according to the language spoken at the child's home as well as by the fieldworkers' subjective assessment of the child's ethnic group. This information was used to define the groups:
'Caucasian', Afro-Caribbean, Urdu, Gujarati, height.8 Independent variables included seven continuous variables: the age and birth weight of the child, the parent's heights, the age of the mother on finishing full time education, the index of overcrowding, and the child's sleep duration. Because of the difference in sleep duration between schooldays and non-schooldays sleep duration was entered as the total duration of sleep during the week (schooldays times five plus weekends times two). Six categorical variables were included: the gender of the child, the number of children in the family, the ethnic group of the child, the country of residence (England or Scotland), the father's social class, and the father's employment state. Social class was divided into five categories: non-manual, skilled manual, semiskilled and unskilled manual, not known or unclassifiable, and a category for children living with a single mother. Father's employment was classified into six groups: employed, unemployed for less than 12 months, unemployed for more than 12 months, unemployed when the length of time was unspecified, not known, and not known when a child was living with a single mother. An interaction term was included to allow for differences in the effects of family size in the different ethnic groups.
Multiple regression was also employed to evaluate the effects of a number of variables on sleep duration. Independent variables included all those defined above except for the child's birth weight and the parent's heights, which were excluded. An interaction term for ethnic group and family size was again included. Mean Sleep habits and height at ages S to 11 schooldays (p<0-001). The effect was accounted for by earlier times of going to sleep and later times for waking in girls. The social class of the father was not associated with sleep duration on schooldays but at the weekend sleep durations were shorter in children of fathers with nonmanual occupations than in children of fathers with manual occupations (p<0-01).
Children of white origin slept for longer on schooldays than children of Afro-Caribbean or Asian origin (table 3) . On non-schooldays Asian children showed longer sleep duration but over a seven day week the sleep duration in AfroCaribbean and Asian children was less than in white children. When the children were considered as a single group, the number of children in the family was not associated with sleep duration on schooldays. However, a significant interaction with the ethnic group of the child was noted. In children of white origin sleep durqtion increased with increasing family size, wherieas in the other ethnic groups there was no consistent effect of family size. On nonschooldays sleep duration increased with family size without a significant difference in trend between the ethnic groups.
Seven variables were significantly associated with the height SD scores of the children, the gender of the child, the father's employment state, the ethnic group of the child, and the number of children in the family as well as the birth weight of the child and his parents' heights. When the total duration of sleep over a seven day week was entered into the model there was a weak negative association between the child's height and the observed sleep duration (table 4) .
Discussion
In this study we used parental responses to a self administered questionnaire to estimate the child's sleep duration. Although electroencephalographic measurement of sleep duration is considered to be more accurate than subjective assessment,'0 the use of a sleep questionnaire in normal adults gives results that are correlated with results obtained by the electroencephalographic method. " In addition, the use of a questionnaire lends itself to use in large scale surveys, which can evaluate the effects of social and other factors on sleep duration and quality throughout the week.'2 In children the use of parental responses may overestimate sleep duration as parents may tend to report times for going to bed and for rising rather than times for going to sleep and waking. We did not specifically evaluate this effect but present our results in relation to the wording of the question that was asked of the parents.
Despite the social importance of sleep in children, reports containing quantitative information concerning sleep duration in children at different ages are infrequent. Roffwarg et al characterised sleep electroencephalographically for a small number of children of different ages,'3 and these data were subsequently extended by Coble et all4; neither group was able to relate their findings to the social and biological context of the child. In a longitudinal study of 200 Swedish children Klackenberg, using subjective methods, documented the decline in sleep duration from 14 hours per night at 1 year to 10 hours per night at 16 years. l The values given over the range of ages are similar to those obtained in a larger sample of British children in the present investigation. Both studies give longer durations for sleep than those reported from electroencephalographic measurement.
In addition to the dominant effect of the child's age in determining the time for going to sleep and for waking, our analysis identified several other factors associated with sleep habits. Effects of gender and social class on sleep habits of older children have been noted previously. '6 In the present study these factors had significant effects that were of small amplitude. Differences in sleep habits between ethnic groups were also demonstrated.
Children from Afro-Caribbean and Asian families slept for significantly shorter durations on schooldays; despite an increase in sleep at the weekend, the total duration of sleep during the week was reduced. This difference was still evident after adjusting for a number of other variables including family size. Previous investigations have suggested that family size is positively associated with later bedtimes and reduced time spent in bed in adolescents.'7 In our sample larger family size was not associated with shorter sleep duration, however, but rather with increased sleep duration in white families only. The different ages of the children investigated in the two samples as well as their different social and ethnic characteristics6 17 might have accounted for this discrepancy. The difference in sleep habits between ethnic groups is thus not accounted for by factors included in the analysis.
Previous analyses of children's height from the National Study of Health and Growth have identified a number of factors that are associated with height in primary schoolchildren.
These include the child's birth weight, the heights of the parents, the ethnic background of the child, and a number of social factors including the father's social class, his employment state, and the number of children in the family.6 18 The association between the gender of the child and height in this analysis resulted from the calculation of height SD scores using data from the representative sample, which results in a different bias in boys than girls.6 Recent work has shown that disorders of sleep may be present in children investigated for short stature.' This would be consistent with the known association of growth hormone release with slow wave sleep.3 We were therefore interested to examine, in a population sample, the possibility that sleep duration could be associated with height in children of primary school age. After adjusting for confounding variables this analysis showed a weak negative correlation between the child's height and the total duration of sleep over a seven day period. There was therefore no evidence to support an association between longer sleep duration and increased growth. The finding of a weak association between increased height and reduced sleep duration is contrary to our initial hypothesis and is not readily explained. Further investigations would be needed to show whether this is a spurious association or whether identifiable factors influence this pattern of sleep. The findings of this observational study suggest, however, that reduced total sleep duration is not associated with reduced height in a population sample.
